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Corticosteroids were the mainstay of therapy for idiopathic
pulmonary fibrosis (IPF) for more than four decades, but their
efficacy is unproven and toxicities are substantial. The course
of IPF is characterized by progressive respiratory insufficiency,
leading to death within 3 to 8 years from the onset of
symptoms. Although a subset (10-20%) of patients survives
more than 10 years, there is no evidence that any form of
therapy alters the natural history of the disease. Nonetheless,
given the poor prognosis, a trial of corticosteroids is often
given. Because of the rarity of IPF, randomized,
placebo-controlled therapeutic trials have not been done.
Further, no studies have compared differing dosages or
duration of corticosteroid in matched patients. Interpretation of
therapy efficacy is obscured by several factors including
heterogeneous patient populations, inclusion of patients with
histologic entities other than usual interstitial pneumonia, lack
of objective, validated endpoints, different criteria for
“response.” We review published data regarding
corticosteroid therapy for IPF and present a rationale for
stratifying therapy based on host, demographic, and clinical
factors that influence prognosis as well as risk for
corticosteroid complications. Curr Opin Pulm Med 2001, 7:298-308
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Abbreviations

AZA azathioprine

CFA cryptogenic fibrosing alveolitis

Cs corticosteroids

DIP desquamative interstitial pneumonia
ECM extracellular matrix

GGO ground glass opacities
HRCT high-resolution computed tomography

1P idiopathic interstitial pneumonias

IPF idiopathic pulmonary fibrosis

NSIP nonspecific interstitial pneumonia

PFT pulmonary function test

RBILD  respiratory bronchiolitis interstitial lung disease
uip usual interstitial pneumonia
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Corticosteroids (CS) have been the mainstay of therapy
for idiopathic pulmonary fibrosis (IPF) for more than
four decades [1-3], but their efficacy is unproven [4®e 5—
7] and toxicities are substantial [4ee 8ee] "T'he terms IPF
and cryptogenic fibrosing alveolitis (CFA) are synony-
mous [3,9,10]. A recent international consensus state-
ment concluded “usual interstitial pneumonia (UIP) is
the histopathologic pattern that identifies patients with
IPF” [3]. Other histologic patterns have a better prog-
nosis and higher rate of response to CS than UIP and are
considered distinct entities [3]. Cardinal features of
IPF/CFA include dry cough, exertional dyspnea, end-
inspiratory Velcro rales, diffuse parenchymal infiltrates
on chest radiographs, honeycomb cysts, a restrictive de-
fect on pulmonary function tests (PFT), impaired gas
exchange, and impaired oxygenation (Table 1) [3,10-12].
The course is indolent but inexorable with progressive
respiratory failure [13]. Fewer than 40% survive 5 years;
the mean survival is 2.8 to 3.6 years [40¢.57,14-17]. Be-
cause IPF/CFA is rare (estimated prevalence rates of
three to 20 cases per 100,000 population) [3,12,18,19],
randomized, placebo-controlled therapeutic trials have
not been done. CS are most often used, but dose, rate of
taper, and duration differ among studies [1,2,10,20-22].
Interpretation of published data is misleading because
patients with histologic entities other than UIP (and that
have a better prognosis than UIP) were included in ear-
lier reports of IPF/CFA.

Definition of idiopathic pulmonary fibrosis

Historically, the histologic lesion UIP was considered to
represent a subset of patients with IPF [23,24]. Current
recommendations restrict the term IPF to patients with
idiopathic UIP [3]. Other types of idiopathic interstitial
pneumonia (IIP) include desquamative interstitial pneu-
monia (DIP) [24,25], respiratory bronchiolitis interstitial
lung disease (RBILD) [25], nonspecific interstitial
pneumonia/fibrosis (NSIP) [14,15,17,26,27], acute inter-
stitial pneumonia [28,29], lymphoid interstitial pneumo-
nia [30], and cryptogenic organizing pneumonia, also
termed bronchiolitis obliterans organizing pneumonia
[31]. These types of IIP have a better prognosis and
higher rates of response to CS compared with UIP. A
definitive diagnosis of UIP requires surgical (open or
video-assisted thoracoscopic lung biopsy) [3,25], but the
diagnosis of UIP can be confirmed with confidence by
thin-section high-resolution computed tomography
(HRCT) scans in some patients [27,32]. Most published
series of IPF or CFA likely incorporated a mixture of
histologic entities [1,2,20-23,33,34]; it is plausible that
most steroid-responsive cases of IPF represented disor-



Table 1. Characteristic features of usual interstitial pneumonia

Category Features

Clinical
Physical exam
High-resolution CT

Dry cough, exertional dyspnea

End-inspiratory rales, clubbing

Patchy involvement, course reticular/linear
opacities, honeycomb cysts,
basilar/subpleural involvement, traction
bronchiectasis

Reduced lung volume, reduced diffusing
capacity for carbon monoxide,
hypoxemia, increased alveolar-arterial
oxygen difference

Heterogeneous distribution, fibroblastic
foci, excessive collagen and
extracellular matrix, honeycomb cysts

Pulmonary function

Histopathologic

ders other than UIP. When the diagnosis of UIP is sub-
stantiated, response to therapy is poor and mortality is
high [14,15,17,27].

Histopathologic features of usual

interstitial pneumonia

The cardinal histopathologic features of UIP include bi-
lateral but heterogeneous (patchy) involvement, a predi-
lection for the lower lobes and peripheral (subpleural)
regions, fibroblastic foci (aggregates of proliferating fi-
broblasts and myofibroblasts), excessive collagen and ex-
tracellular matrix (ECM), and honeycomb cysts [3,25].
Mononuclear cell infiltrates (¢g, lymphocytes, plasma
cells, macrophages) and scattered neutrophils and
eosinophils may be present within alveolar septa, but
inflammatory changes are not conspicuous [25]. The het-
erogeneity of the histologic lesion can be seen at
low-power magnification; areas of normal lung interstitial
inflammation, fibrosis, and honeycomb cysts are ob-
served concomitantly [3,25]. Additional features of UIP
include traction bronchiectasis and bronchiolectasis, re-
duced airspace volume, destroyed or distorted alveolar
architecture, smooth muscle hypertrophy, reactive meta-
plasia and hyperplasia of type II pneumocytes, mucosta-
sis, and secondary pulmonary hypertensive changes
[17,25].

Which histologic features differentiate usual

interstitial pneumonia from other idiopathic

interstitial pneumonias?

Temporal heterogeneity is the central feature that dis-
tinguishes UIP from other types of IIP [14,15,17,25]. Fi-
broblastic foci and honeycomb cysts are prominent fea-
tures of UIP but are absent or inconspicuous in other
types of IIP [25]. Inflammatory cells are not prominent in
UIP in contrast to cellular NSIP, DIP, or hypersensitivity
pneumonia [25]. Despite the gold standard status of
open lung biopsies [25], evaluation is subject to interob-
server and intralobar variation, even by expert pulmo-
nary pathologists [35¢@.36]. Discriminating UIP from fi-
brotic NSIP is difficult [35#¢,36]. Further, surgical lung
biopsy is expensive and carries significant morbidity and

Corticosteroids in idiopathic pulmonary fibrosis Lynch et al. 299

even mortality [37,38]. In clinical practice, open (or
video-assisted thoracoscopic surgical) biopsies are per-
formed in only 10 to 30% of patients with IPF [7,11,12].
Since the advent of HRCT scans, many clinicians rely on
them to corroborate the diagnosis of UIP [3,4e 27 39].

High-resolution computed tomography
High-resolution CT scans, using 1- to 2-mm thin sec-
tions, are often used in lieu of surgical lung biopsies to
diagnose UIP [3,14,27,40,41]. Provided HRC'T features
are classical, the accuracy of a confident diagnosis of UIP
on HRCT by a trained observer is greater than 90%
[3,42,43]. However, a confident diagnosis of UIP can be
made in less than two thirds of patients with histologic
UIP [3,43]. Inter- and intraobserver variability can be
problematic for inexperienced radiologists, particularly
in less severe cases [44].

What are the salient high-resolution computed
tomography features that allow a confident

diagnosis of usual interstitial pneumonia?
Characteristic HRCT features of UIP include a distinct
predilection for the basilar and peripheral (subpleural)
regions of the lungs, patchy involvement, large areas of
spared lung parenchyma, coarse reticular or linear opaci-
ties (intralobular and interlobular septal lines), honey-
comb cysts, and traction bronchiectasis or bronchiolecta-
sis [15,27,39,45,46]. Focal areas of ground glass opacities
(GGO) are sometimes present in UIP [15,45,47,48], but
extensive areas of GGO suggest an alternative diagnosis
(eg, DIP, NSIP, hypersensitivity pneumonia) [3]. Hon-
eycomb cysts are a cardinal feature of UIP [15,34,
39,45,47] but are rare in other types of IIP [15,25,27].

How reliable is high-resolution computed

tomography in assessing prognosis or

responsiveness to therapy?

The extent and pattern of changes on HRCT are invalu-
able in assessing prognosis and responsiveness to therapy
[27,34,45,46,49-51]. GGO may reflect alveolar inflamma-
tion, intraalveolar granulation tissue, or fibrosis of intra-
lobular and alveolar septa [39,45,46,52]. A reticular pat-
tern reflects fibrosis, but inflammation may coexist
[39,45,51,53]. Honeycomb cysts indicate irreversible de-
struction of alveolar walls and fibrosis [34,45,48,49,53—
55]. A pattern of predominant GGO on HRC'T predicts
a higher likelihood of response to CS therapy and im-
proved survival compared with reticular or honeycomb
patterns [34,46,50,51,55-57]. After CS therapy, GGO re-
gress in 30 to 44% of patients [34,39,55]; however, GGO
may progress to irregular reticular opacities or honey-
comb cysts [34,39,51,53]. Reticular patterns or honey-
comb cysts never improve and may worsen over time
[34,39,45,53,55]. Most patients with IPF display mixed
patterns [34,55]. In published series of IPF/CFA, ap-
proximately 10% of patients had predominantly GGO on
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HRCT [34,55], but surgical lung biopsies were not per-
formed in many patients. It is likely that patients with
predominant GGO had diseases other than UIP (¢g, DIP,
NSIP, hypersensitivity pneumonia). Further, the long-
term impact of CS on altering the natural history of
IPF/CFA is not known. Japanese investigators retrospec-
tively reviewed serial C'T scans of 29 patients with IPF
(17 were treated with CS) [53]. Although GGO initially
decreased with therapy, progression to honeycomb cysts
ensued in 90% of patients.

Extensive fibrosis (reticulation or honeycomb cysts) on
HRCT is a poor prognostic sign. Gay e7 a/. [49] prospec-
tively studied 38 patients with IPF to identify pretreat-
ment variables that could predict response to CS therapy
and long-term survival. Open or video-assisted thoraco-
scopic surgical lung biopsies and C'T scans were quanti-
tatively scored. Pretreatment C'T alveolar (CT-alv) and
fibrotic (C'T-fib) scores predicted responsiveness to
therapy and mortality. Responders to prednisone therapy
had higher C'T-alv scores and lower C'T-fib scores com-
pared with nonresponders or the stable group. Survivors
had higher CT-alv and lower CT-fib scores compared
with those who died during follow-up. Severe fibrosis on
pretherapy HRC'T (CT fibrosis score = 2) predicted
mortality with 80% sensitivity and 85% specificity [49].
HRCT was a better predictor of survival than pulmonary
function tests (PFT), clinical/radiographic/physiologic
scores, or pathologic scores (from surgical lung biopsies).

Pathogenesis of usual

interstitial pneumonia

T'he pathogenesis of UIP is unclear, but epithelial cell
injury, destruction of subepithelial basement membrane,
recruitment and proliferation of fibroblasts, and exces-
sive deposition of extracellular matrix (ECM) and colla-
gen are pivotal in orchestrating the fibrotic process
[S58ee]. Early hypotheses emphasized sustained alveolar
inflammation [59,60] as a precursor to fibrosis. Activated
alveolar macrophages, lymphocytes, and neutrophils
were considered the immune effector cells driving the
inflammatory process [59], leading to repetitive lung in-
jury and fibrosis [61]. However, there is little evidence to
support this hypothesis, and the relevance of chronic
inflammation to the development of fibrosis is not clear
[62]. Recent studies underscore the importance of fibro-
blasts, myofibroblasts, abnormal ECM deposition, and
myriad cytokines and soluble factors in the pathogenesis
of UIP [58ee].

Injury of alveolar epithelial cells and destruction of sub-
epithelial basement membranes appear to be key events
in the pathogenesis of UIP [62,63]. After lung injury,
fibroblasts migrate and proliferate into the alveolar septa
and spaces [62,64]. Areas of rapidly proliferating myofi-

broblasts and fibroblasts (fibroblastic foci) [65] are the
primary sites of ongoing injury and repair, leading to
collagen deposition [62]. Transforming growth factor B1
stimulates fibroblast proliferation and differentiation into
myofibroblasts, stimulates synthesis of collagen and
ECM proteins, inhibits synthesis of proteases that de-
grade the ECM, and likely plays a pivotal role in orches-
trating fibrogenesis in UIP [62,66]. Fibroblasts and myo-
fibroblasts from patients with UIP induce apoptosis and
necrosis of alveolar epithelial cells iz vitro [62,67]. Alveo-
lar epithelial shedding, in turn, releases transforming
growth factor B1 from ECM, which promotes myofibro-
blast production of collagen [68]. Fibroblasts from pa-
tients with UIP demonstrate enhanced production of col-
lagens [58e¢], increased expression of tissue inhibitors of
metalloproteinases, and a relative decrease in collage-
nases [62,69]; all these processes promote the formation
of scar.

Alveolar macrophages elaborate profibrotic cytokines (¢g,
platelet-derived growth factor [70], insulin-like growth
factor I [71], interleukin-1 [72]), ECM proteins [70], and
free oxygen radicals [73], which may be important in the
pathogenesis of UIP.

Production, deposition, and proteolysis of ECM are criti-
cal to pulmonary remodeling, repair, and development of
fibrosis. ECM proteins (eg, tenascin [65,74], fibronectin
[58ee] collagen [75]) are expressed in increased amounts
in UIP. In the initial phases, both type III and I collagen
accumulate; later, type I predominates [75]. Type I col-
lagen reflects irreversible fibrosis attributable to greater
resistance to metalloproteinase digestion [62]. Tenascin,
another ECM protein, is present in increased amounts in
UIP [65] and may correlate inversely with survival [74].
Another ECM protein, fibronectin may be important in
the pathogenesis of UIP. Fibronectin acts as a growth
factor and chemoattractant for fibroblasts [62,76]. In one
study, alveolar macrophages from patients with UIP pro-
duced fibronectin at a rate 20 times higher than normal
alveolar macrophages [77]; this may promote local re-
cruitment of fibroblasts and collagen deposition, promot-
ing local fibrosis.

Angiogenesis and the production of angiogenic factors by
host cells likely contribute to the pathogenesis of UIP.
Neovascularization may promote fibrogenesis [62], per-
haps by supplying blood to rapidly proliferating fibro-
blasts within fibroblastic foci. Chemokines (chemotactic
cytokines) may promote fibrosis in patients with IPF
[78]. Other angiogenic molecules, such as vascular endo-
thelial growth factor and acidic and basic fibroblast
growth factor may be involved in the pathogenesis of
UIP, but data are lacking [78].

Other molecules believed to play some role in the patho-
genesis of UIP include interleukin-1 receptor antagonist



[79], integrin-mediated adhesion molecules [80], surfac-
tant proteins [81], and oxidants [82]. In summary, alveo-
litis and chronic inflammation likely play roles in the
pathogenesis of UIP, but their importance is probably
minor [62]. The most critical factors orchestrating the
fibrotic process are altered fibroblast phenotype and in-
teractions between immune and nonimmune cells,
which lead to profibrotic cytokines. Elucidating the
mechanisms of fibrosis in UIP will facilitate the devel-
opment of novel, targeted therapies for this devastating
disease.

Therapy of idiopathic pulmonary fibrosis
Idiopathic pulmonary fibrosis/cryptogenic fibrosing al-
veolitis is a frustrating disease to treat because the dis-
ease progresses inexorably in most patients, regardless of
therapy [13]. Historically, CS or immunosuppressive or
cytotoxic agents were used to treat IPF in an attempt to
ablate any inflammatory component. However, large ret-
rospective studies found no survival benefit with any
form of therapy [3,4%¢,5,6]. Despite the lack of proven
efficacy, CS therapy is offered in 39 to 66% of patients
with IPF; treatment is often withheld in the elderly be-
cause of concern about adverse effects [40¢,5-7,11]. In
one clinical survey, 61% of IPF patients younger than
age 70 were treated with CS compared with only 28% of
patients older than age 70 [7]. Immunosuppressive or
cytotoxic agents were used in only 2 to 17% of patients
(primarily in patients failing or experiencing adverse ef-
fects from CS [4®¢57,11]. Anecdotal responses were
cited with cytotoxic agents (¢g, azathioprine [AZA], cy-
clophosphamide)[2,20-22,33,83], but the efficacy of
these agents is unproven [4¢¢.56,21,84,85]. Similarly,
colchicine [4e¢.86] and D-penicillamine [87] have been
used to treat IPF/CFA but are of unproven benefit. In
1995, Hunninghake and Kalica [88], summarizing a
working conference on IPF convened by the National
Heart, Lung, and Blood Institute (NHLBI) in 1994
noted that “there was a general consensus at the work-
shop that pulmonary fibrosis is a highly lethal lung dis-
order and that current therapies for this disease have
little effect on the natural history of the disease.” In
1999, a summary of a 1998 NIHLBI workshop on IPF
arrived at a similar conclusion: “...these observations
suggest that current therapy has minimal or no beneficial
effect for patients with IPF” [89]. More recently, a re-
cent International Consensus Statement concluded “no
data exist that adequately document any of the current
treatment approaches improves survival or the quality of
life for patients with IPF” [3]. These conclusions are
sobering and suggest that novel therapies are essential to
improve the prognosis of this fatal disorder [88,89]. In
this review, we focus on the role (if any) of CS to treat
IPF/CFA. A discussion of other potential therapies for
IPF/CFA is beyond the scope of this paper and is ad-
dressed only briefly.
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Impact of corticosteroids in idiopathic pulmonary
fibrosis: results of retrospective studies

The largest series of UIP comprised 487 patients seen at
the Mayo Clinic from 1994 to 1996 [4ee]. The diagnosis
of UIP was confirmed by open lung biopsies in 20% and
by HRCT in 80%. Median survival was 3.2 years from
the time of diagnosis. Efficacy of therapy was evaluated
retrospectively by a review of clinical records. Treatment
regimens included prednisone alone in 54, colchicine
plus prednisone in 71, colchicine alone in 167, other
treatment in 38, and no therapy in 154. By univariate
analysis, the use of prednisone or prednisone plus col-
chicine was associated with a worse survival compared
with no therapy. On multivariate analysis, older age,
male gender, lower diffusing capacity for carbon monox-
ide (DLCO), and a history of worsening lung function
were associated with worse survival. When these factors
were taken into account, survival among patients receiv-
ing prednisone was similar to untreated patients. An-
other retrospective study of 244 patients with CFA cited
higher mortality rates among patients treated with either
CS or cyclophosphamide [5]. Mean survival was 3.6 years
for prevalent cases and 2.3 years for incident cases. CS
were used in 47% of 76 incidence cases and 65% of 168
prevalent cases. Odds ratio (OR) for mortality was worse
among prednisone-treated patients, both in the incident
cohort (OR: 2.01) and prevalence cohort (OR: 2.08). The
worse survival among patients treated with CS likely re-
flects selection bias because sicker patients were prob-
ably treated more aggressively. A prospective survey
from 1991 to 1992 in England, Scotland, and Wales iden-
tified 588 patients with a new diagnosis of CFA [12].
Open lung biopsies were done in only 12.4%. No treat-
ment was offered in 48%; the remaining patients were
treated with CS and immunosuppressive or cytotoxic
drugs. By October 1994, 45% of patients had died; the
impact of treatment was not determined. A retrospective
review of 234 patients with UIP (confirmed by open lung
biopsies or autopsies) from Japanese hospitals cited simi-
lar mortality rates among untreated patients compared
with patients treated with CS [6].

Several early studies of patients with IPF/CFA cited re-
sponse rates of 10 to 30% with CS (alone or combined
with immunosuppressive agents) [1,2,20-22,33,83,84],
but complete or sustained remissions were rare. T'wo
studies in the mid-1980s cited beneficial responses to
high-dose CS in patients with IPF/CFA with lymphocy-
tosis on bronchoalveolar lavage [22,33]. These various
published series of IPF or CFA failed to classify patients
according to histologic entities (¢g, UIP, DIP, NSIP) and
cannot be extrapolated to UIP. It is plausible that ste-
roid-responsive patients had cellular NSIP (or some
other IIP) and not UIP. Retrospective reviews of open
lung biopsies previously labeled as IPF or CFA revealed
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that only 47 to 71% of cases were UIP, 13 to 36% were
reclassified as NSIP, and the remaining patients were
categorized as DIP, RBILD, or miscellaneous [14,15,17,
27,3590 36]. Compared with other types of IIP, UIP ex-
hibits considerably lower survival rates and responsive-
ness to therapy [14,15,17,27,35].

What is the response to corticosteroids among idiopathic
pulmonary fibrosis patients in prospective

randomized trials?

A few randomized therapeutic trials compared CS with
immunosuppressive or cytotoxic agents [20,21,23,90] or
colchicine [40] as therapy for IPF. These studies did not
subclassify patients as UIP. One 6-month study at the
National Institutes of Health randomized 28 patients
with mid-course IPF to prednisone alone (n = 16), pred-
nisone plus oral CP (n = 9), or CP alone (n = 5) [90]. At
6 months, PF'T or chest radiographs did not change in
any group. Another prospective trial in England random-
ized 43 patients with untreated IPF to high-dose pred-
nisolone alone (60 mg/d with gradual taper) or oral CP
plus low-dose prednisolone (20 mg every other day) [21].
Symptoms, chest radiographs, and PF'T were monitored
as endpoints. Seven of 22 patients (31%) receiving pred-
nisolone alone showed initial improvement. At 3 years,
only two patients treated with prednisolone alone main-
tained improvement, and 15 had worsened (10 deaths).
T'wo prospective studies evaluated high-dose predniso-
lone plus AZA for IPF [20,23]. In the first study, 20
patients with progressive IPF were treated with high-
dose prednisone alone for 3 months [23]. At 3 months,
AZA, 3 mg/kg/d, was added, and both agents were con-
tinued for an additional 9 months or longer. Overall, 12
patients (60%) improved (defined as increase in vital ca-
pacity = 20% above baseline) but the concomitant use of
AZA obscures the effect of prednisone. In a second,
double-blind trial by these investigators, 27 patients with
newly diagnosed IPF were randomized to receive AZA
plus high-dose prednisone, 1.5 mg/kg/d, with taper (n =
14) or high-dose prednisone plus placebo (n = 13) [20].
At 1 year, four patients died in each group. Changes in
PFT were minimal and were similar between groups. At
1 year, vital capacity improved (>10% above baseline) in
three of 13 patients receiving prednisone alone; DLCO
improved (> 20% above baseline) in only two patients. At
long-term follow-up (at a mean of 9 years), 77% in the
prednisone plus placebo cohort had died (compared with
43% of AZA-treated patients). This survival difference
was not statistically significant (P = 0.16). Investigators at
the Mayo Clinic randomized 26 patients with idiopathic
UIP to colchicine (0.6 mg once or twice daily) (n = 14) or
high-dose prednisone (n = 12) [40]. PF'T did not improve
in any subject in either group. Side effects were more
frequent and severe in the prednisone cohort. A prospec-

tive but nonrandomized study from Mexico evaluated
four patient cohorts with IPF [87]. Treatment regimens
included colchicine plus prednisone (n = 19); D-
penicillamine plus prednisone (n = 11); prednisone plus
colchicine plus D-penicillamine (n = 11) or prednisone
alone (n = 15). Five-year mortality was 52% and did not
differ between treatment groups [87]. We recently pub-
lished our experience of 41 patients with IPF treated
with high-dose CS (1 mg/kg/d, with taper) [8ee]. Eleven
patients (27%) improved (defined by = 10-point drop in
clinical/radiographic/physiologic scores); 19 (46%) re-
mained stable; 11 (27%) deteriorated. Survival was im-
proved among patients who remained stable or re-
sponded to therapy compared with nonresponders.
However, additional factors independently affected sur-
vival (eg, extent of fibrosis on CT or lung biopsy). Im-
portantly, on review of open lung biopsies (initially di-
agnosed as UIP), most steroid-responsive patients had
NSIP and not UIP.

What is the response to corticosteroids among patients

with a histologic diagnosis of usual interstitial pneumonia?
When the diagnosis of UIP is confirmed by surgical lung
biopsies, survival and response rates (to any form of
therapy) are dismal (0-16%) [14,15,24,27,350¢ 45,54,91].
Most data are gleaned from retrospective studies. A ret-
rospective review of open lung biopsies at the Mayo
Clinic from 1976 to 1985 identified 63 patients with UIP
[14]. Although data regarding therapy were not provided,
89% were treated with CS. Median survival (entire co-
hort) was 2.8 years; only 20% survived 5 years. Another
study from the Mayo Clinic retrospectively compared 22
patients with UIP treated with prednisone alone with 22
patients with UIP treated with colchicine alone [86]. Vi-
tal capacity improved to more than 15% above baseline
in only one of 22 receiving prednisone. Japanese inves-
tigators cited a 7-year survival rate of 23% among 64
patients with UIP [15]. None of 30 patients treated with
CS improved [15]. In a recent retrospective British study
[27], 13 patients with UIP were treated with CS or im-
munosuppressive agents (alone or in combination). Only
one improved (7%); the mean survival was 2.7 years. In
another retrospective study, these investigators analyzed
37 patients with UIP (confirmed by open lung biopsies)
[35e¢]. T'wenty-eight patients were treated with CS
(alone or with immunosuppressive agents); only three
(11%) responded. At 42 months, only four patients (11%)
were alive [35¢¢]. A retrospective review of open lung
biopsies from the National Institutes of Health detected
56 cases of UIP [17]. Five- and 10-year survival rates for
UIP were 43 and 15%, respectively. Data regarding
therapy were not provided. These data suggest that ear-
lier studies of IPF/CFA citing response rates of as high as
30% likely included a mix of histologic lesions other than
UIP.



Steroid responders may represent histologic subsets other
than usual interstitial pneumonia (eg, nonspecific

interstitial pneumonia, desquamative interstitial
pneumonial/respiratory bronchiolitis interstitial lung

disease, chronic hypersensitivity pneumonia)

In contrast to the dismal response rates to CS observed
with UIP, steroid responsiveness and survival are sub-
stantially better among patients with other types of IIP
(eg, NSIP [14,15,27,35¢ 91] or DIP/RBILD
[14,17,24,25,92]. Prognosis of DIP/RBILD is generally
excellent (with or without CS therapy), with survival
rates as high as 90% at 10 years [14,17,24,25]. The prog-
nosis of NSIP is less well established, but retrospective
studies cite 5- and 10-year survival rates exceeding 70%
in some series [14,15,27,350¢ 91]. Further, a significant
proportion (45-83%) with cellular NSIP respond to CS
therapy [15,25,93,94]; the prognosis for fibrotic NSIP is
worse (response rates to CS as low as 30%; < 50% 5-year
survival) [35ee]. Previous reports of steroid-responsive
IPF/CFA correlating with GGO on HRCT [34,46,50,51,
55-57] or bronchoalveolar lavage lymphocytosis [22,33]
may reflect inclusion of histologic entities other than
UIP (e¢g, NSIP, RBILD, chronic hypersensitivity pneu-
monia). Although data are limited, we believe CS are
warranted for NSIP or cases of DIP/RBILD with persis-
tent symptoms or pulmonary dysfunction despite cessa-
tion of cigarette smoking [92].

Complications of corticosteroid therapy
Corticosteroid therapy is associated with myriad adverse
effects that are related to both the dose and duration of
treatment [95,96]. Side effects of CS can be debilitating
and include musculoskeletal complications (vertebral
compression fractions, aseptic necrosis of femoral and
humeral heads, osteoporosis, myopathy), neuropsychiat-
ric effects (psychosis, depression, irritability; insomnia,
inappropriate euphorias), endocrine and metabolic alter-
ations (hyperglycemia, metabolic alkalosis, salt and water
retention), opportunistic infections, weight gain, truncal
obesity, Cushingoid features, peptic ulcer disease, exac-
erbation of hypertension, posterior capsular cataracts;
menstrual irregularities. The use of CS to treat any dis-
ease requires a careful assessment of potential risks and
potential benefits associated with therapy. This certainly
applies to IPF/UIP, where the efficacy of CS therapy is
unproven. The risk of CS therapy may outweigh the
benefit in populations at increased risk of CS adverse
effects (eg, age > 70 years, extreme obesity, osteoporosis,
diabetes mellitus, underlying psychiatric disorder). CS
effects may be devastating in the elderly [7,8¢ 40].

A recent study of 374 patients receiving oral CS for vari-
ous lung diseases cited a significant increased rate of
complications compared with control subjects not receiv-
ing CS [95]. There was a higher incidence of fractures,
muscle weakness, back pain, bruising, oral candidiasis,
use of histamine-2 antagonists, and cataracts among CS-
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treated patients. The effects of CS were dose depen-
dent. The frequency of CS-associated adverse effects is
high among patients with IPF, many of whom are elderly
or have comorbidities [8¢¢,40,97]. When questionnaires
were done prospectively to assess CS effects among pa-
tients with IPF, adverse effects were nearly invariably
observed [8ee 40]. Douglas ¢ a/. [40] prospectively ana-
lyzed side effects among 12 IPF patients treated with
high-dose CS. The most commonly reported side effects
included Cushingoid features (75%), diabetes mellitus
(50%), insomnia (50%), myopathy (42%), muscle cramps
(42%), depression (25%), and epigastric pain (25%).
Similarly, we prospectively evaluated 41 IPF patients
treated with a 3-month course of high-dose CS [8]. All 41
patients experienced at least one complication of CS dur-
ing the first 3 months of treatment. The frequency of
these complications is shown in Table 2. Although CS
benefits some patients, the high incidence of adverse
effects underscores the need to stratify risk for CS com-
plications when treatment is being contemplated. In the
following sections, we discuss ways to minimize the risk
of CS adverse effects.

Osteoporosis

Osteoporosis is a well-recognized complication of CS and
can lead to fractures [98]. Potential mechanisms by
which CS lead to bone loss and osteoporosis include de-
creased production of testosterone, decreased calcium
absorption, increased calcium excretion, and decreased

Table 2. Selected side effects during 3 months of high-dose
steroid therapy in 41 patients with idiopathic
pulmonary fibrosis

Category Patients, n (%)
Psychological

Irritability 25 (61)

Insomnia 31 (76)

Depression 15 (37)
Musculoskeletal

Spontaneous fracture 2 (5)

Avascular necrosis 2 (5)
Infection

Local 11 (27)

Systemic 9(22)
Gastrointestinal

Abdominal bloating 14 (34)

Peptic ulcer 1(2)
Endocrine/metabolism

Glucose impairment 10 (24)

Hypertension 3(7)

Weight gain 29 (71)

Edema 17 (41)

Muscle cramping 15 (37)

Fatigue 12 (32)
Dermatologic

Cushingoid change 30 (73)

Acne 11 (27)

Easy bruising (echymosis) 13 (32)

All patients experienced at least one side effect. Adapted with
permission [8].
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production of osteocalcin by osteoblasts [99]. Simple
nonpharmacologic measures advocated to reduce bone
loss include (1) increasing activity, (2) maintaining good
nutrition, (3) refraining from smoking, and (4) modulat-
ing consumption of alcohol [99]. Supplemental calcium
and vitamin D are recommended for patients receiving
CS, but this strategy does not consistently prevent os-
teoporosis in high-risk patients. The risk of fractures is
increased considerably among patients receiving high-
dose CS. In a recent study, the risk of hip fracture over
4 years was doubled in patients taking oral CS compared
with that of controls [100]. In another study of 367 pa-
tients taking CS for diverse lung diseases, the cumula-
tive incidence of fractures (all sites) was 23% for patients
receiving oral CS compared with 15% in controls not
receiving CS (OR: 1.8) [95]. More important, among CS-
treated patients, the risk of fractures was markedly in-
creased (compared with controls) at the following sites:
vertebrae (OR: 10), hips (OR: 6), and ribs or sternum
(OR: 3.2).

Measurement of bone mineral density (BMD) is recom-
mended as a proxy measure of bone strength and to
assess the risk of fracture [98]. Baseline BMD should be
measured in patients receiving long-term CS treatment,
particular in the elderly or postmenopausal women [98].
Pharmacologic therapy should be considered for patients
with BMD 1 to 2 SD below normal or for patients with a
history of fracture [99]. Calcium and vitamin D have
been used for many years for the treatment of osteopo-
rosis. A recent meta-analysis demonstrated a clinically
and statistically significant prevention of bone loss from
the lumbar spine and forearm with calcium and vitamin
D in CS-treated patients [101]. Those authors recom-
mended prophylactic therapy with calcium and vitamin
D for all patients who are being started on CS [101]. This
recommendation is most appropriate for patients with
low dietary calcium intake (< 1.0-1.5 g/d) and without
contraindications to supplemental calcium (eg, renal cal-
culi) [99]. Patients with a history of fracture or baseline
osteoporosis should be given bisphosphonates (¢g, alen-
dronate, risedronate) [102] because these agents are ben-
eficial in treating and preventing CS-induced osteoporo-
sis [99,103-105]. A recent meta-analysis including 13
trials and 842 patients taking at least 7.5 mg/d prednisone
confirmed that bisphosphonates improve BMD [101].
The risk of spinal fractures was reduced 24%, although
this was not statistically significant (OR: 0.76; 95% CI:
0.37,1.53) [101]. Data regarding other potential therapies
(eg, androgens, fluoride, intranasal calcitonin) are limited.
The role of these agents in the treatment or prevention
of CS-associated osteoporosis needs to be elucidated.

Peptic ulcer disease

The association of CS use and peptic ulcer disease
(PUD) i1s controversial. CS were associated with an in-
creased risk of PUD and gastrointestinal hemorrhage in

some studies [106], but a meta-analysis failed to find an
increased incidence of PUD among CS-treated patients
compared with controls [107]. Given the conflicting data,
the risk (if any) of PUD associated with CS appears to be
small. In our series, only one of 41 patients (2.5%) treated
with high-dose prednisone for 3 months developed a
peptic ulcer [8ee]. Because endoscopies were only per-
formed for clinical indications, occult (asymptomatic)
disease could have been missed. The benefit of hista-
mine-2 antagonists or antacids to prevent PUD in CS-
treated patients has not been established. However, pa-
tients with a history of PUD or receiving concomitant
medications that increase the risk of PUD (eg, nonsteroi-
dal antiinflammatory agents) may benefit from prophy-
laxis with histamine-2 antagonists or proton pump inhibi-
tors. The use of prophylaxis in other low-risk populations
needs to be individualized.

Miscellaneous complications of corticosteroids

As outlined in Table 2, CS have protean side effects,
ranging from life-threatening opportunistic infections to
cosmetic changes (¢g, Cushingoid features). For some pa-
tient populations (gg, age > 70, significant obesity, dia-
betes mellitus, serious psychiatric disease), the risk of CS
often exceeds the benefit. In such patients, we consider
alternative therapeutic modalities. Among CS-treated
patients, careful monitoring and patient education are
essential to identify complications to modify dose or
therapy at the earliest possible time.

Recent consensus statements and recommendations
for therapy

Given the potential for debilitating side effects with CS
therapy, recent editorials [108,109] and International
Consensus Statements [3,10] argue that high-dose CS
should be discouraged in IPF. Both consensus state-
ments [3,10] advocate an individualized approach to
treating IPF/UIP and acknowledge that not all patients
should be treated. For patients requiring treatment, both
societies recommend combining an immunosuppressive
agent (AZA or cyclophosphamide) with prednisone or
prednisolone (0.5 mg/kg/d for 4 weeks, with gradual
taper) [3,10]. When contraindications to CS exist, either
AZA or cyclophosphamide alone should be used. This is
a substantial departure from earlier regimens advocating
high-dose prednisone [20,23,110]. These recommenda-
tions are reasonable but have not been validated in sci-
entific trials. However, we agree that the era of high-dose
CS for prolonged periods has ended [109]. Given the
paucity of data, firm recommendations regarding indica-
tions, dose, or duration of CS treatment for UIP cannot
be given. We see no role for CS for patients with a
chronic course, extensive fibrosis, and absence of GGO
on HRCT or patients with specific contraindications.
However, a trial of CS (with or without concomitant AZA
or cyclophosphamide) is reasonable in patients with
GGO on HRCT, a subacute or deteriorating course,



young age, and no contraindications to CS. In this con-
text, a trial of prednisone (40 mg/d for 4-8 weeks, with a
taper to 20 mg within 3—4 months) is reasonable. The
dose and duration need to be individualized depending
on the response and the presence or absence of side
effects. Therapy with CS should be continued beyond 3
or 4 months only when patients exhibit unequivocal and
objective responses to therapy. Subjective improvement
is not adequate to justify continuing a therapy with po-
tential cumulative toxicities.

Assessing response to therapy

Sequential physiologic studies are critical to assess the
response to therapy [3,10,111,112]. Optimal parameters
to follow the course of IPF have not been validated. We
use serial spirometry (¢g, forced vital capacity and forced
expiratory volume in 1 second), 6-minute walk tests with
oximetry, and DLCO to monitor response to therapy.
Changes in forced vital capacity are usually adequate
to track the course of the disease; DLCO is more sensi-
tive but less reproducible. Six-minute walk tests
with oximetry are noninvasive, relatively inexpensive,
and invaluable in the initial assessment and longitudinal
assessment of IPF/UIP [113]. The value of formal car-
diopulmonary exercise testing is unproven. Criteria es-
tablished by the American Thoracic Society to define
physiologic improvement are reasonable (i, =10% in to-
tal lung capacity or vital capacity, =15% increase in
DLCO, = 4% increase in O, saturation, or = 4-mm in-
crease in arterial oxygen pressure during exercise [3].
The role of serial HRCT in evaluating response to
therapy has not been clarified.

Novel (future) agents

Unfortunately, current therapies for IPF based on alter-
ing the inflammatory component are marginally effec-
tive. The dictum #ollo nocere is highly relevant, when
potentially toxic drugs such as CS or immunosuppressive
or cytotoxic agents are used for prolonged periods of
time. Judicious and careful use of these drugs, with ob-
jective monitoring, is mandatory. Major advances in the
treatment of IPF/UIP await the development of novel
therapies that prevent fibroproliferation and/or enhance
alveolar reepithelialization [58ee]. Agents that have been
tested in pilot studies include pirfenidone (5-methyl-1-
phenyl-2-[1H]-pyridone) [114], N-acetylcysteine [115],
and interferon-y [97]. Novel agents that inhibit fibrosis
in vitro or in animal models and are worthy of study in
future clinical trials include captopril [58e¢,116], plate-
let-activating factor receptor antagonists, inhibitors of
leukocyte integrins, cytokines or proteases [88,117], ke-
ratinocyte growth factor [118,119], relaxin [120], and lo-
vastatin [121].

Corticosteroids in idiopathic pulmonary fibrosis Lynch et al. 305

References and recommended reading

Papers of particular interest, published within the annual period of review,
have been highlighted as:

. Of special interest

o Of outstanding interest

1 Tukiainen P, Taskinen E, Holsti P, et al.: Prognosis of cryptogenic fibrosing
alveolitis. Thorax 1983, 38:349-55.

2 Turner-Warwick M, Burrows B, Johnson A: Cryptogenic fibrosing alveolitis:
response to corticosteroid treatment and its effect on survival. Thorax 1980,
35:593-9.

3 American Thoracic Society, European Respiratory Society: Idiopathic pulmo-
nary fibrosis: diagnosis and treatment. International Consensus Statement.
Am J Respir Crit Care Med 2000, 161:646-664.

4 Douglas WW, Ryu JH, Schroeder DR: Idiopathic pulmonary fibrosis: impact
«  of oxygen and colchicine, prednisone, or no therapy on survival. Am J Respir
Crit Care Med 2000, 161:1172-8.

Comprehensive review of 487 patients with IPF/UIP seen at the Mayo Clinic Roch-
ester from 1994 to 1996. By univariate analysis, worse survival was associated
with prednisone therapy compared with no therapy and with oxygen therapy com-
pared with no oxygen therapy. On multivariate analysis, worse survival was asso-
ciated with older age, male gender, lower DLCO, lower alveolar volume, and a
history of worsening pulmonary function. When adjustments were made for these
factors, no significant difference in survival was found between untreated patients
and treated patients (all modalities).

5  Hubbard R, Johnston I, Britton J: Survival in patients with cryptogenic fibros-
ing alveolitis. A population-based cohort study. Chest 1998, 113:396-400.

6 Nagai S, Kitaichi M, Hamada K; et al.: Hospital-based historical cohort study
of 234 histologically proven Japanese patients with IPF. Sarcoidosis Vasc
Diffuse Lung Dis 1999, 16:209-214.

7 Mapel DW, Samet JM, Coultas DB: Corticosteroids and the treatment of
idiopathic pulmonary fibrosis. Past, present, and future. Chest 1996,
110:1058-1067.

8  Flaherty KR, Toews GB, Lynch IIl JP, et al.: Steroids in idiopathic pulmonary
« fibrosis: a prospective assessment of adverse reactions, response to therapy,
and survival. Am J Med 2001, 110:278-282.

A prospective, nonrandomized study of high-dose CS in 41 patients with IPF in
which the efficacy as well as complications of CS therapy were assessed. Long-
term survival was greater among patients who remained stable or improved with
CS compared with nonresponders. Lower fibrotic scores on surgical lung biopsy or
HRCT scan correlated with improved survival. All patients experienced at least one
side effect of CS. The authors emphasized the need for randomized trials of therapy
for IPF, in which patients are stratified by severity disease (as measured by CT
scans or surgical lung biopsy, or both).

9  Ryu JH, Colby TV, Hartman TE: Idiopathic pulmonary fibrosis: current con-
cepts. Mayo Clin Proc 1998, 73:1085-1101.

10 British Thoracic Society: Standards of Care Committee. The diagnosis, as-
sessment and treatment of diffuse parenchymal lung disease in adults. Thorax
1999, 54 (suppl 1):S1-S30.

11 Johnston ID, Gomm SA, Kalra A: The management of cryptogenic fibrosing
alveolitis in three regions of the United Kingdom. Eur Respir J 1993, 6:891-
893.

12 Johnston IDA, Prescott BJ, Chalmers JC, et al.: British Thoracic Society study
of cryptogenic fibrosing alveolitis: current presentation and initial manage-
ment. Thorax 1997, 52:38-44.

13 Lynch Il JP, Toews GB. Idiopathic pulmonary fibrosis. In A. Fishman, editor.
Textbook of Pulmonary Diseases and Disorders. Edited by Fishman A. New
York: McGraw-Hill; 1997:1069-1084.

14 Bjoraker JA, Ryu JH, Edwin MK, et al.: Prognostic significance of histopatho-
logical subsets in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med
1998, 157:199-203.

15 Nagai S, Kitaichi M, Itoh H, et al.: Idiopathic nonspecific interstitial
pneumonia/fibrosis: comparison with idiopathic pulmonary fibrosis and
BOOP. Eur Respir J 1998, 12:1010-1019.

16 Erbes R, Schaberg T, Loddenkemper R: Lung function tests in patients with
idiopathic pulmonary fibrosis. Are they helpful for predicting outcome? Chest
1997, 111:51-57.

17 Travis WD, Matsui K, Moss J, et al.: Idiopathic nonspecific interstitial pneu-
monia: prognostic significance of cellular and fibrosing patterns: survival
comparison with usual interstitial pneumonia and desquamative interstitial
pneumonia. Am J Surg Pathol 2000, 24:19-33.

18 Hubbard R, Johnston |, Coultas DB, et al.: Mortality rates from cryptogenic
fibrosing alveolitis in seven countries. Thorax 1996, 51:711-716.



306 Interstitial lung disease

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Coultas DB, Zumwalt RE, Black WC, et al.: The epidemiology of interstitial
lung diseases. Am J Respir Crit Care Med 1994, 150:967-972.

Raghu G, DePaso WJ, Cain K, et al.: Azathioprine combined with prednisone
in the treatment of idiopathic pulmonary fibrosis: a prospective double-blind,
randomized, placebo-controlled clinical trial. Am Rev Respir Dis 1991,
144:291-296.

Johnson MA, Kwan S, Snell NJC, et al.: Randomized controlled trial compar-
ing prednisolone alone with cyclophosphamide and low dose prednisolone in
combination in cryptogenic fibrosing alveolitis. Thorax 1989, 44:280-288.

Watters LC, Schwarz MI, Cherniack RM, et al.: Idiopathic pulmonary fibrosis.
Pretreatment bronchoalveolar lavage cellular constituents and their relation-
ships with lung histopathology and clinical response to therapy. Am Rev
Respir Dis 1987, 135:696-704.

Winterbauer RH, Hammar SP, Hallman KO, et al.: Diffuse interstitial pneumo-
nitis. Clinicopathologic correlations in 20 patients treated with
prednisone/azathioprine. Am J Med 1978, 65:661-672.

Carrington CB, Gaensler EA, Coutu RE, et al.: Natural history and treated
course of usual and desquamative interstitial pneumonia. N Engl J Med 1978,
298:801-809.

Katzenstein AL, Myers JL: Idiopathic pulmonary fibrosis: clinical relevance of
pathologic classification. Am J Respir Crit Care Med 1998, 157:1301-1315.

Katzenstein ALA, Fiorelli RF: Nonspecific interstitial pneumonia/fibrosis. His-
tologic features and clinical significance. Am J Surg Pathol 1994, 18:136-
147.

Daniil ZD, Gilchrist FC, Nicholson AG, et al.: A histologic pattern of nonspe-
cific interstitial pneumonia is associated with a better prognosis than usual
interstitial pneumonia in patients with cryptogenic fibrosing alveolitis. Am J
Respir Crit Care Med 1999, 160:899-905.

Vourlekis JS, Brown KK, Cool CD, et al.: Acute interstitial pneumonitis. Case
series and review of the literature. Medicine 2000, 79:369-378.

Bouros D, Nicholson AC, Polychronopoulos V, et al.: Acute interstitial pneu-
monia. Eur Respir J 2000, 15:412-418.

Nicholson AG, Wotherspoon AC, Diss TC, et al.: Reactive pulmonary lym-
phoid disorders. Histopathology 1995, 26:405-412.

Lazor R, Vandevenne A, Pelletier A, et al.: Cryptogenic organizing pneumonia.
Characteristics of relapses in a series of 48 patients. Am J Respir Crit Care
Med 2000, 162:571-577.

Hunninghake GW, Zimmerman MB, Schwartz DA, et al.: Utility of a lung bi-
opsy for the diagnosis of idiopathic pulmonary fibrosis. Am J Respir Crit Care
Med 2001, 164:193-196.

Turner-Warwick M, Haslam PL: The value of serial bronchoalveolar lavages in
assessing the clinical progress of patients with cryptogenic fibrosing alveoli-
tis. Am Rev Respir Dis 1987, 135:696-704.

Wells AU, Hansell DM, Rubens MB, et al.: The predictive value of appear-
ances on thin-section computed tomography in fibrosing alveolitis. Am Rev
Respir Dis 1993, 148:1076-1082.

Nicholson AG, Colby TV, du Bois RM, et al.: The prognostic significance of
the histologic pattern of interstitial pneumonia in patients presenting with the
clinical entity of cryptogenic fibrosing alveolitis. Am J Respir Crit Care Med
2000, 162:2213-2217.

A review of 78 patients with a clinicopathologic diagnosis of lone CFA who had
open lung biopsies between 1978 to 1989. Biopsies were reclassified by two
pulmonary histopathologists as UIP (47%), NSIP (36%), or DIP/RBILD (17%).
During a median follow-up of 42 months, mortality rates were UIP (89%), NSIP
(619%), and DIP/RBILD (0%). In contrast to previous studies citing an excellent
prognosis with NSIP, only six of 21 patients with NSIP responded to treatment
(compared with three of 28 with UIP). The authors emphasize the prognostic value
of histologic subclassification of cases of lone CFA into UIP, NSIP, DIP, and
RBILD.

36

37

38

39

40

Flaherty KR, Toews GB, Travis WD, et al.: Clinical significance of histopath-
ologic classification of idiopathic interstitial pneumonia. Eur Respir J 2001,
submitted.

Utz JP, Ryu JH, Douglas WW, et al.: High short-term mortality following lung
biopsy for usual interstitial pneumonia. Eur Respir J 2001, 17:175-179.

Tazelaar HD, Viggiano RW, Pickersgill J, et al.: Interstitial lung disease in
polymyositis and dermatomyositis. Clinical features and prognosis as corre-
lated with histologic findings. Am Rev Respir Dis 1990, 141:727-733.

Wells AU: Clinical usefulness of high resolution computed tomography in
cryptogenic fibrosing alveolitis. Thorax 1998, 53:1080-1087.

Douglas WW, Ryu JH, Swensen SJ, et al.: Colchicine versus prednisone in
the treatment of idiopathic pulmonary fibrosis. A randomized prospective
study. Am J Respir Crit Care Med 1998, 158:220-225.

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Johkoh T, Muller NL, Cartier Y, et al.: Idiopathic interstitial pneumonias: diag-
nostic accuracy of thin-section CT in 129 patients. Radiology 1999,
211:555-560.

Tung KT, Wells AU, Rubens MB, et al.: Accuracy of the typical computed
tomographic appearances of fibrosing alveolitis. Thorax 1993, 48:334-338.

Swensen SJ, Aughenbaugh GL, Myers JL: Diffuse lung disease: diagnostic
accuracy of CT in patients undergoing surgical biopsy of the lung. Radiology
1997, 205:229-234.

Wells AU, Hansell DM, Haslam PL, et al.: Bronchoalveolar lavage cellularity.
Lone cryptogenic fibrosing alveolitis compared with the fibrosing alveolitis of
systemic sclerosis. Am J Respir Crit Care Med 1998, 157:1474-1482.

Nishimura K, Kitaichi M, Izumi T, et al.: Usual interstitial pneumonia: histologic
correlation with high-resolution CT. Radiology 1992, 182:337-342.

Hartman TE, Primack SL, Swensen SJ, et al.: Desquamative interstitial pneu-
monia: thin section CT findings in 22 patients. Radiology 1993, 187:787—
790.

Wells AU, Cullinan P, Hansell DM, et al.: Fibrosing alveolitis associated with
systemic sclerosis has a better prognosis than lone cryptogenic fibrosing
alveolitis. Am J Respir Crit Care Med 1994, 149:1583-1590.

Remy-Jardin M, Giraud F, Remy J: Importance of ground glass attenuation in
chronic diffuse infiltrative lung disease: pathologic CT correlation. Radiology
1993, 189:693-698.

Gay SE, Kazerooni EA, Toews GB, et al.: Idiopathic pulmonary fibrosis. Pre-
dicting response to therapy and survival. Am J Respir Crit Care Med 1998,
1567:1063-1072.

Lee JS, Ahn JM, Kim YM, et al.: Fibrosing alveolitis: prognostic implication of
ground glass attenuation at high-resolution CT. Radiology 1992, 184:451—
454.

Wells AU, Rubens MB, duBois RM, et al.: Functional impairment in fibrosing
alveolitis: relationship to reversible disease on thin section computed tomog-
raphy. Eur Respir J 1997, 10:280-285.

Kazerooni EA, Martinez FJ, Flint A, et al.: Thin-section CT obtained at 10-mm
increments versus limited three-level thin-section CT for idiopathic pulmonary
fibrosis: correlation with pathologic scoring. AJR Am J Roentgenol 1997,
169:977-983.

Akira M, Sakatani M, Ueda E: Idiopathic pulmonary fibrosis: progression of
honeycombing at thin-section CT. Radiology 1993, 189:687-691.

Hartman TE, Primac SL, Kang EY, et al.: Disease progression in usual inter-
stitial pneumonia compared with desquamative interstitial pneumonia. As-
sessment with serial CT. Chest 1996, 110:378-382.

Xaubet A, Agusti C, Luburich P, et al.: Pulmonary function tests and CT scan
in the management of idiopathic pulmonary fibrosis. Am J Respir Crit Care
Med 1998, 158:431-436.

Wells AU, Rubens MB, du Bois RM, et al.: Serial CT in fibrosing alveolitis:
prognostic significance of the initial pattern. AJR Am J Roentgenol 1993,
161:1159-1165.

Terriff BA, Kwan SY, Chan-Yeung MM, et al.: Fibrosing alveolitis: chest radi-
ography and CT as predictors of clinical and functional impairment at follow-
up in 26 patients. Radiology 1992, 184:445-449.

Selman M, King Jr TE, Pardo A: Idiopathic pulmonary fibrosis: prevailing and
evolving hypotheses about its pathogenesis and implications for therapy. Ann
Intern Med 2001, 134:136-151.

A superb review of the hypotheses regarding pathogenesis of IPF. The authors
liken the pathogenesis of IPF to abnormal wound healing in response to injury. The
role of epithelial cell injury, fibroblast/myofibroblast recruitment and proliferation,
and elaboration of profibrotic cytokines is discussed. The authors emphasize that
inflammation may not be relevant to the fibrotic process and suggest a need for
novel therapies targeted at preventing or inhibiting the fibroproliferative response
and enhancing normal alveolar reepithelialization.

59

60

61

62

Crystal RG, Fulmer JD, Roberts WC, et al.: Idiopathic pulmonary fibrosis.
Clinical, histologic, radiographic, physiologic, scintigraphic, cytologic, and
biochemical aspects. Ann Intern Med 1976, 85:769-788.

Dreisin RB, Schwarz MI, Theofilopoulos AN, et al.: Circulating immune com-
plexes in the idiopathic interstitial pneumonias. N Engl J Med 1978,
298:353-357.

Lynch IIl JP, McCune WJ: Immunosuppressive and cytotoxic pharmaco-
therapy for pulmonary disorders: state of the art. Am J Respir Crit Care Med
1997, 155:395-420.

Selman M, King TE, Pardo A: Idiopathic pulmonary fibrosis: prevailing and
evolving hypotheses about its pathogenesis and implications for therapy. Ann
Intern Med 2001, 134:136-151.



63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

Suga M, lyonaga K, Okamoto T, et al.: Characteristic elevation of matrix me-
talloproteinase activity in idiopathic interstitial pneumonias. Am J Respir Crit
Care Med 2000, 162:1949-1956.

Fukuda Y, Basset F, Ferrans VJ, et al.: Significance of early intraalveolar fi-
brotic lesions and integrin expression in lung biopsy specimens from patients
with idiopathic pulmonary fibrosis. Hum Pathol 1995, 26:53-61.

Paakko P, Kaarteenaho-Wiik R, Pollanen R, et al.: Tenascin mRNA expression
at the foci of recent injury in usual interstitial pneumonia. Am J Respir Crit Care
Med 2000, 161:967-972.

Corrin B, Dewar A: Pathogenesis of idiopathic interstitial pulmonary fibrosis.
Ultrastruct Pathol 1996, 20:369-371.

Uhal BD, Joshi |, Hughes WF, et al.: Alveolar epithelial cell death adjacent to
underlying myofibroblasts in advanced fibrotic human lung. Am J Physiol
1998, 275:L.1192-11199.

Morishima Y, Nomura A, Uchida Y, et al.: Triggering the induction of myofi-
broblast and fibrogenesis by airway epithelial shedding. Am J Respir Cell Mol
Biol 2001, 24:1-11.

Ramos C, Montano M, Garcia-Alvarez J, et al.: Fibroblasts from idiopathic
pulmonary fibrosis and normal lungs differ in growth rate, apoptosis, and tis-
sue inhibitor of metalloproteinase expression. Am J Respir Cell Mol Biol 2001,
24:591-598.

Martinet Y, Rom WN, Grotendorst GR, et al.: Exaggerated spontaneous re-
lease of platelet-derived growth factor by alveolar macrophages from patients
with idiopathic pulmonary fibrosis. N Engl J Med 1987, 317:202-209.

Rom WN, Basset P, Fells GA, et al.: Alveolar macrophages release an insulin-
like growth factor I-type molecule. J Clin Invest 1988, 82:1685-1693.

Bitterman PB, Wewers MD, Rennard S, et al.: Modulation of alveolar macro-
phage-driven fibroblast proliferation by alternative macrophage mediators. J
Clin Invest 1986, 77:700-708.

Schaberg T, Rau M, Stephan H, et al.: Increased number of alveolar macro-
phages expressing surface molecules of the CD11/CD18 family in sarcoid-
osis and idiopathic pulmonary fibrosis is related to the production of super-
oxide anions by these cells. Am Rev Respir Dis 1993, 147:1507-1513.

Kaarteenaho-Wiik R, Tani T, Sormunen R, et al.: Tenascin immunoreactivity as
a prognostic marker in usual interstitial pneumonia. Am J Respir Crit Care
Med 1996, 164:511-508.

Lammi L, Ryhanen L, Lakari E, et al.: Type lll and type | procollagen markers in
fibrosing alveolitis. Am J Respir Crit Care Med 1999, 159:818-823.

Rennard S, Crystal RG: Fibronectin in human bronchopulmonary lavage
fluid: elevation in patients with interstitial lung disease. J Clin Invest 1981,
69:113-122.

Rennard SI, Hunninghake GW, Bitterman PB, et al.: Production of fibronectin
by the human alveolar macrophage: mechanism for the recruitment of fibro-
blasts to sites of tissue injury in interstitial lung diseases. Proc Natl Acad Sci
US A 1981, 78:7147-7151.

Keane MP, Arenberg DA, Lynch JP Ill, et al.: The CXC chemokines, IL-8 and
IP-10, regulate angiogenic activity in idiopathic pulmonary fibrosis. J Immunol
1997, 169:1437-1443.

Smith DR, Kunkel SL, Standiford TJ, et al.: Increased interleukin-1 receptor
antagonist in idiopathic pulmonary fibrosis. A compartmental analysis. Am J
Respir Crit Care Med 1995, 151:1965-1973.

Southcott AM, Hemingway |, Lorimer S, et al.: Adhesion molecule expression
in the lung: a comparison between normal and diffuse interstitial lung disease.
Eur Respir J 1998, 11:91-98.

Takahashi H, Fujishima T, Koba H, et al.: Serum surfactant proteins A and D
as prognostic factors in idiopathic pulmonary fibrosis and their relationship to
disease extent. Am J Respir Crit Care Med 2000, 162:1109-1114.

Behr J, Degenkolb B, Maier K| et al.: Increased oxidation of extracellular glu-
tathione by bronchoalveolar inflammatory cells in diffuse fibrosing alveolitis.
Eur Respir J 1995, 8:1286-1292.

Rudd RM, Haslam PL, Turner-Warwick M: Cryptogenic fibrosing alveolitis.
Relationships of pulmonary physiology and bronchoalveolar lavage to re-
sponse to treatment and prognosis. Am Rev Respir Dis 1981, 124:1-8.

van Oortegem K, Wallaert B, Marquette CH, et al.: Determinants of response
to immunosuppressive therapy in idiopathic pulmonary fibrosis. Eur Respir J
1994, 7:1950-1957.

Zisman DA, Lynch Il JP, Toews G, et al.: Cyclophosphamide in the treatment
of idiopathic pulmonary fibrosis. Chest 2000, 117:1619-1626.

Douglas WW, Ryu JH, Bjoraker JA, et al.: Colchicine versus prednisone as

Corticosteroids in idiopathic pulmonary fibrosis Lynch et al. 307

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

treatment of usual interstitial pneumonitis. Mayo Clin Proc 1997, 72:201—
209.

Selman M, Carrillo G, Salas J, et al.: Colchicine, D-penicillamine, and predni-
sone in the treatment of idiopathic pulmonary fibrosis. A controlled clinical
trial. Chest 1998, 114:507-512.

Hunninghake GW, Kalica AR: Approaches to the treatment of pulmonary fi-
brosis. Am J Respir Crit Care Med 1995, 151:915-918.

Mason RJ, Schwarz MI, Hunninghake GW, et al.: Pharmacological therapy for
idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 1999, 160:1771—
1777.

O'Donnell K, Keogh BA, Cantin A, et al.: Pharmacologic suppression of the
neutrophil component of the alveolitis in idiopathic pulmonary fibrosis. Am
Rev Respir Dis 1987, 136:288-292.

Flaherty KR, Travis WD, Colby TV, et al.: Histopathological variability in idio-
pathic interstitial pneumonia: Clinical implications. Am J Respir Crit Care Med
2001, in press.

Moon J, du Bois RM, Colby TV, et al.: Clinical significance of respiratory bron-
chiolitis on open lung biopsy and its relationship to smoking related interstitial
lung disease. Thorax 1999, 54:1009-2014.

Park CS, Chung SW, Ki SY, et al.: Increased levels of interleukin-6 are asso-
ciated with lymphocytosis in bronchoalveolar lavage fluids of idiopathic non-
specific interstitial pneumonia. Am J Respir Crit Care Med 2000, 162:1162—
1168.

Akira M, Inoue G, Yamamoto S, et al.: Non-specific interstitial pneumonia:
findings on sequential CT scans of nine patients. Thorax 2000, 55:854-859.

Walsh LJ, Wong CA, Oborne J, et al.: Adverse effects of oral corticosteroids
in relation to dose in patients with lung disease. Thorax 2001, 56:279-284.

Seale JP, Compton MR: Side-effects of corticosteroid agents. Med J Aust
1986, 144:139-142.

Ziesche R, Hofbauer E, Wittmann K, et al.: A preliminary study of long-term
treatment with interferon gamma-1b and low-dose prednisolone in patients
with idiopathic pulmonary fibrosis. N Engl J Med 1999, 341:1264-1269.

NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis,
and Therapy: Osteoporosis prevention, diagnosis, and therapy. JAMA 2001,
285:785-795.

Reid DM, Hughes RA, Laan RF, et al.: Efficacy and safety of daily risedronate
in the treatment of corticosteroid-induced osteoporosis in men and women: a
randomized trial (European Corticosteroid-Induced Osteoporosis Treatment
Study). J Bone Miner Res 2000, 15:1006-1013.

Baltzan MA, Suissa S, Bauer DC, et al.: Hip fractures attributable to cortico-
steroid use. Study of Osteoporotic Fractures Group. Lancet 1999,
353:1327.

Homik J, Suarez-Almazor ME, Shea B, et al.: Calcium and vitamin D for cor-
ticosteroid-induced osteoporosis (Cochrane Review). The Cochrane Library,
Oxford: Update Software 2001, Issue 1.

Orwoll E, Ettinger M, Weiss S, et al.: Alendronate for the treatment of osteo-
porosis in men. N Engl J Med 2000, 343:604-610.

Saag KG, Emkey R, Schnitzer TJ, et al.: Alendronate for the prevention and
treatment of glucocorticoid-induced osteoporosis. Glucocorticoid-Induced
Osteoporosis Intervention Study Group. N Engl J Med 1998, 339:292-299.

Struijs A, Smals A, deWitte SA, et al.: Acute effects of etidronate on gluco-
corticoid-induced bone degradation. Rheumatology 2000, 39:523-529.

Boutsen J, Jamart J, Esselinckx W, et al.: Primary prevention of glucocorticoid-
induced osteoporosis with intravenous pamidronate and calcium: a prospec-
tive controlled 1-year study comparing a single infusion, an infusion once
every three months, and calcium alone. J Bone Miner Res 2001, 16:104-
112,

Messer J, Reitman D, Sacks HS, et al.: Association of adrenocorticosteroid
therapy and peptic-ulcer disease. N Engl J Med 1983, 309:21-24.

Conn HO, Poynard T: Corticosteroids and peptic ulcer: meta-analysis of ad-
verse events during steroid therapy. J Intern Med 1994, 236:619-632.

Michaelson JE, Aguayo SM, Roman J: Idiopathic pulmonary fibrosis. A prac-
tical approach for diagnosis and management. Chest 2000, 118:788-794.

Collard HR, King Jr TE: Treatment of idiopathic pulmonary fibrosis: the rise
and fall of corticosteroids. Am J Med 2001, 110:326-328.

Watters LC, King TE, Schwarz M|, et al.: A clinical, radiographic, and physi-
ologic scoring system for the longitudinal assessment of patients with idio-
pathic pulmonary fibrosis. Am Rev Respir Dis 1986, 133:97-103.



308 Interstitial lung disease

111

112

113

114

115

Flaherty KR, Martinez FJ: The role of pulmonary function testing in pulmonary
fibrosis. Curr Opin Pulm Med 2000, 6:404-410.

Hanson D, Winterbauer RH, Kirtland SH, et al.: Changes in pulmonary func-
tion test results after 1 year of therapy as predictors of survival in patients with
idiopathic pulmonary fibrosis. Chest 1995, 108:305-130.

Sciurba FC, Slivka WA: Six-minute walk testing. Sem Respir Crit Care Med
1998, 19:383-392.

Raghu G, Mageto YN, Lockhart D, et al.: The accuracy of the clinical diagno-
sis of new-onset idiopathic pulmonary fibrosis and other interstitial lung dis-
ease: a prospective study. Chest 1999, 116:1168-1174.

Behr J, Maier K, Degenkolb B, et al.: Antioxidative and clinical effects of high-
dose N-acetylcysteine in fibrosing alveolitis. Adjunctive therapy to mainte-
nance immunosuppression. Am J Respir Crit Care Med 1997, 156:1897—
1901.

Uhal BD, Gidea C, Bargout R, et al.: Captopril inhibits apoptosis in human

117

118

119

120

121

lung epithelial cells: a potential antifibrotic mechanism. Am J Physiol 1998,
275:L1013-L1017.

Meyer KC, Raghu G: Perspectives and future advances on the diagnosis and
treatment of idiopathic pulmonary fibrosis. Lung Biol Health Dis 1995,
80:837-874.

Yano T, Deterding RR, Sinoet WS, et al.: Keratinocyte growth factor reduces
lung damage due to acid instillation in rats. Am J Respir Cell Mol Biol 1996,
15:433-442.

Yi ES, Williams ST, Lee H, et al.: Keratinocyte growth factor ameliorates ra-
diation- and bleomycin-induced lung injury and mortality. Am J Pathol 1996,
149:1963-1970.

Unemori EN, Pickford LB, Salles AL, et al.: Relaxin induces an extracellular
matrix-degrading phenotype in human lung fibroblasts in vitro and inhibits
lung fibrosis in a murine model in vivo. J Clin Invest 1996, 98:2739-2745.

Tan A, Levrety H, Dahm C, et al.: Lovastatin induces fibroblast apoptosis in
vitro and in vivo: a possible therapy for fibroproliferative disorders. Am J
Respir Crit Care Med 1999, 159:220-227.



